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NOVELTY - A multistep split double bench blasting method is 
provided to bore and blast large quantities of the base rock all 
together as controlling blasting pollution generated when boring and 
blasting a target base rock using explosives, that is, polluting 
elements 3uch as blasting vibration, noise, flying of stone and damage 
of the blasting boundary. 

DETAILED DESCRIPTION - The multistep split double bench blasting 
method in two face blasting comprises the steps of determining charge 
loading amount per slot and charge loading amount per blast suitable 
for standard of blasting pollution influence regulation; determining 
minimum burdens (1,2,3) , space gaps(4,5,6) and hole lengths (12, 13 , 14 ) of 
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(54) Multi-Step Split Double Bench Blasting Method In Two Face Blasting 



Summary of invention 

This invention is concerned with a method for boring and blasting the base rock in an 
inclined or two-step-face position using explosives, and more specifically, a method for 
boring and blasting large quantities of base rock at a time using explosives for the 
purposes of the cutting of an inclined rock surface, excavation, rock blasting, mining or 
quarrying while controlling the elements of blasting pollution generated during the 
boring and blasting of the target base rock, including the blasting vibration, noise, flying 
stones and damage to the blasting boundaries. 

For that purpose, this invention consists of the steps of: determining the minimum 
burdens (1,2 and 3 in the diagram), the hole spacing (4,5 and 6) and the hole lengths 
(12,13 and 14) ?f the target base rock appropriate to the amount of the charge per 
delay that does not exceed the amount stipulated by the regulations and/or standards of 
the local authorities concerning the blasting pollution; which is followed by dividing the 
height (1 1 ) of the step to be blasted into several steps (7, 8, and 9); which is followed by 
positioning drilling holes on each of the minimum burdens at an equal distance and 
detonating in a sequential order starting from the first step using the delay detonators, 
which allows boring and blasting large quantities of base rock at a time and thus 
enhances productivity. Furthermore, the method makes it easy to control the blasting 
pollution and ensures work safety, while at the same time increasing blasting efficiency 
and reducing the amount of work involved in post-blasting crushing, which makes It an 
economical blasting method. 
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Drawings 

(A) Plain View 



(B) A-A Cross-Sectional View 




Index Terms 

Face, minimum burden, hole spacing, bench height, subdrilling, hole length 
Specifications 

Brief Description of the Drawings 

Drawing 1 illustrates the pattern for the Two-Step Split Double Bench Blasting method 
of this invention and shows the locations represented by the numbers 1-13. 
Drawing 2 illustrates the pattern for the Three-Step Double Bench Blasting method of 
this invention and shows the locations represented by the numbers 1-14. 
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Drawing 3 illustrates the ignition pattern of the Two-Step Split Double Bench Blasting 
method of this invention, showing the order in which charging, detonation and blasting 
are executed. 

Drawing 4 illustrates the ignition pattern of the Three-Step Split Double Bench Blasting 
method of this invention, showing the order in which charging, detonation and blasting 
are executed. 

Drawing 5 illustrates the conventional bench blasting method. 

Drawing 6a illustrates the conventional bench blasting method and shows the first step 
of the three-step boring and blasting. 

Drawing 6b illustrates the conventional bench blasting method and shows the second 
step of the three-step boring and blasting. 

Drawing 6c illustrates the conventional bench blasting method and shows the third step 
of the three-step boring and blasting. 

Drawing 7 illustrates the "overhang" that occurs when the bench height is excessively 
greater than the minimum burdens in the conventional bench blasting. 
Drawing 8 illustrates the "backbreaking" (also called the "overbreaking") that occurs 
when the step height is excessively greater than the minimum burden in the 
conventional bench blasting. 



[Explanation of the Numbers in the 
1 : First row minimum burden 
3: Third row minimum burden 
5: Second row hole spacing 
7: First bench height 
9: Third bench height. 
11: Bench height 
13: Second hole length 



Drawings] 

2: Second row minimum burden 
4: First row hole spacing 
6: Third row hole spacing 
8: Second bench height 
10: Subdrilling height 
12: First hole length 
14: Third hole length 
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Detailed Description of the Invention 
Purpose of Invention 

Technical Field Related to the Invention and Description of the Prior Art 

This invention concerns a method for boring and blasting the base rock in an inclined or 
two-step-face position using explosives and, more specifically, a method for boring and 
blasting large quantities of base rock at a time using explosives for the purposes of 
cutting an inclined rock surface, excavation, rock blasting, mining or quarrying while 
controlling the elements of blasting pollution generated during the boring and blasting of 
the target base rock, including the blasting vibration, noise, flying stones and damage to 
the blasting boundaries. 

The conventional blasting methods that are applied to the two-free-face base rock 
include Simultaneous Blasting method, Concentrated Blasting method, and Step 
Blasting method. 

Of the conventional blasting methods, first, the Simultaneous Blasting method uses 
multiple blast holes, instead of a single blast hole. This method can enhance the 
blasting efficiency through a simultaneous blasting effect, but the simultaneous 
explosion of a large amount of explosives generates high levels of blasting vibration 
and noise, a large amount of flying particles, and brings a relatively severe damage to 
the blasting boundaries, and therefore the locations to which it can be applied are 
limited. 

Second, the Concentrated Blasting method can be used for blasting with large burdens 
if the diameter of the blast holes is not increased in proportion to the minimum burdens 
and the distance between the holes is kept short to accommodate more holes. The 
blasting method in which a relatively large number of small blast holes are placed within 
a short distance from one another and large burdens are involved is called 
"Combination Blasting" or "Concentrated Blasting" method. The benefits of this blasting 
method include; 1) lower blasting costs; 2) smaller amount of breakage; 3) smaller 
amount of flying particles; 4) applicable to strong rocks with no joints; and 5) when the 
same amount of charges are used, a greater amount of stones are quarried compared 
with single blasting. However, since this method also requires the simultaneous 
explosion of a large amount of explosives, it, too, generates high levels of blasting 
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vibration and noise and relatively severe damage to the blasting boundaries, and 
therefore the locations to which it can be applied are limited. 
Third, the Step Blasting method is used at large-scale strip mines such as limestone 
mines, or to create a level or inclined surface through rock blasting. This blasting 
method is usually executed by boring vertically a single or multiple rows of holes on the 
steps as you recede from the free face in order to move the steps to below the apex of 
the surface. The benefits of this blasting method include the fact that it - 1) allows 
working from a level surface and is relatively safe as it reduces the dangers of falling 
rocks or a collapse; 2) simplifies the work process and unifies the blasting plan, 
enabling the completion of the plan as originally intended; 3) allows quarrying in large 
quantities and securing a planned quarry production; 4) is advantageous in terms of 
quality assurance since it allows selective quarrying even if there is change in terrain; 5) 
is economical because it allows deploying various large-scale, high-performance 
machinery; 6) generates a relatively smaller amount of boulders compared to other 
blasting methods; and 7) uses relatively inexpensive explosives such as AN-FO 
explosives that are low in specific gravity for long-hole blasting. The downsides of this 
method include the fact that it - 1 ) requires a relatively longer construction period 
compared with other strip mining methods; and 2) involves a relatively large amount of 
initial investments, which include purchasing machinery and equipment and a large 
amount of preparatory works such as deforestation, soil cutting and entrance making 
prior to building the steps. In particular, it is necessary to establish a plan for mass 
production for economical quarrying, including for long-hole boring, but since mass 
production requires an increased amount of charge per delay, it can generate higher 
levels of blasting vibration and noise and greater damage to the blasting boundaries, 
limiting locations to which it can be applied. A more detailed description of such 
conventional Step Blasting method using the attached drawings is provided, although 
the method of boring and blasting the planned bench height (1 1 in Drawing 5) can be 
applied to locations in which elements of blasting pollution such as blasting vibration, 
noise and flying particles are not a limiting factor. A multi-step blasting method 
consisting of - (1 ) dividing the bench height into several equal parts so that the height of 
any one part is appropriate to the amount of the charge per delay in accordance with 
the governing standards; (2) boring and blasting the first step (7 in Drawing 6a); (3) 
disposing of the refuse; (4) boring and blasting the second step (8 in Drawing 6b); (5) 
disposing of the refuse; (6) boring and blasting the third step (9 in Drawing 6c) is used 
in locations in which such factors are a limiting factor. However, in addition to the 
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problem that it cannot be used in locations that are sensitive to the blasting pollution, 
the fact is that the method illustrated in Drawing 5 tends to have an overhang in which 
the upper portion of the rock remains attached at an angle of 90° or greater when the 
bench height is excessively greater than the minimum burden as shown in Drawing 7 
and effectively crushes the lower portion of the rock that is close to the loaded charge 
while leaving many large chunks of rocks after breaking the upper portion of the rock in 
which tamping is done but no charge is loaded, increasing the amount of work that 
needs to be done in the secondary breaking phase. That makes it a disadvantageous 
choice in terms of safety and causes a delay in loading the charges. 

In addition, although the methods illustrated in Drawings 6a, 6b and 6c may allow 
controlling the blasting pollution to a greater degree compared with the method 
illustrated in Drawing 5, depending on how many steps the target face is divided into, 
they may still result in "back-breaking," which occurs when the minimum burden is 
excessively greater than the bench height as shown in Drawing 8 and cause damage 
to the blasting boundaries. The method may also cause a delay in the work schedule 
and lower the blasting efficiency because it requires that the blasting debris be 
disposed of after the boring and blasting of each step. 

Intended Technical Purpose of the Invention 

The purpose of this invention is to provide a low-vibration blasting method with 
adequate blasting capacity that allows the blasting of a base rock without causing any 
damage to the blasting boundaries using the amount of charge per delay that does not 
exceed the amount stipulated by the regulations and/or standards of the local 
authorities concerning the elements of blasting pollution, including the blasting vibration, 
noise and flying particles, and a method that allows the boring and blasting of large 
quantities of base rock at a time to achieve planned quarry production in a short period 
of time with a view to providing solutions to the problems described above. 
With a view to achieving such purpose, this invention is intended to provide a method 
for dividing the target surface into multiple steps, in which the hole length of the first 
step is determined by choosing a size appropriate to the minimum burden, the hole 
length of the second step is twice that of the first step, and the hole length of the third 
step is thrice that of the first step, and for boring and blasting multiple overlapping steps 
simultaneously at the same location. 

Another purpose of this invention is to provide a loading method that allows blasting the 
upper portion of the steps first while delaying the blasting of the holes in the lower 
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portion of the steps to utilize them as a free face by spacing the holes at an equal 
distance, which is determined by dividing the hole spacing on the minimum burden of 
each row by the number of the steps, and thus preventing damage to the blasting 
boundaries while achieving the Intended purpose of blasting using a relatively small 
amount of explosives. 

Another purpose of this invention is to provide a method that allows the sequential 
blasting of the explosives loaded in the holes described above through controlling the 
amount of charges per delay to take advantage of the time difference created by the 
electric or non-electric detonators in order to contain the effects of the blasting vibration 
and noise. 

Composition and Effect of the Invention 

The following is the detailed description of the invention as illustrated in the attached 
drawings. 

Drawing 1 illustrates the Two-Step Split Double Bench Blasting method as applied to a 
base rock in an inclined or two-step-face position, while Drawing 2 illustrates the Three- 
Step Double Bench Blasting method, and (A) in Drawings 1 and 2 is the plain view of 
the hole placement, (B) the A-A cross-sectional view and (C) the B-B cross-sectional 
view. 

This invention is concerned with a method for blasting a two-face target base rock using 
explosives, and consists of the following steps: Determining the amount of charge per 
slot and the amount of charge per delay that meet the standards concerning the effect 
of the blasting pollution elements such as blasting vibration, noise and flying particles; 
determining the minimum burdens (1), the hole spacing (4) and the hole lengths for the 
first step (12) based on the charge amounts; which is followed by dividing the height 
(1 1 ) of the step to be blasted by the height of the first step, which is determined in a 
previous step, into the second (8) and the third (9) steps; which is followed by 
positioning drilling holes whose length are equal to the first-step (7) hole length (12) on 
each of the minimum burdens (1, 2 and 3), which is determined in the previous step, 
with the hole spacing (4) of the first step, while in the case of the Two-Step Split Double 
Bench Blasting method illustrated in Drawing 1, positioning drilling holes with the hole 
length equal to the second-step (8) hole length (13) at the Vz points of the first-step hole 
spacing (4), and in the case of the Three-Step Split Double Bench Basting method 
illustrated in Drawing 2, positioning drilling holes with the hole length equal to the 
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second-step (8) hole length (13) at the 1/3 points of the first step hole spacing and 
placing drilling holes with the hole length equal to the third-step (9) hole length (14) at 
the 2/3 points. 

In this invention, the charges are loaded in such a manner that the second-step drilling 
holes are becoming the slot holes serving as the free face during the blasting of the first 
step (7) in the case of the Two-Step Split Double Bench Blasting method illustrated in 
Drawing 1 , while the second- and the third-step drilling holes become the slot holes 
serving as the free face during the blasting of the first step (7) in the case of the Three- 
Step Split Double Bench Blasting method illustrated in Drawing 2, and the third-step 
drilling holes become the slot holes serving as the free face during the blasting of the 
second step, allowing the same blasting effect even if a charge reduced by 10 - 30% is 
loaded in the upper portion compared with the lower portion. 

As a result, the method allows reduced upper portion charge amount and prevents 
flying particles, which may occur when the upper portion holes are overloaded with 
explosives. 

Drawing 3 illustrates the ignition pattern of the Two-Step Split Double Bench Blasting 
method of this invention, showing the order in which charging, detonation and blasting 
are executed, and Drawing 4 illustrates the ignition pattern of the Three-Step Split 
Double Bench Blasting method of this invention, showing the order in which charging, 
detonation and blasting are executed. The ignition of the detonators starts from the 
ones closest to the free face and proceeds towards the rear, in the order of the upper 
portion of the front row, the lower portion of the front row, the upper portion of the next 
row, then the lower portion of the row and so on. In each row, the ignition starts from 
the centre and continues to the left and right in case the front area is where the least 
amount of the flying particles and the lowest level of noise are detected, depending on 
the surrounding conditions, whereas the ignition starts from the left and continues to the 
right in case that the least amount of flying particles and the lowest level of noise are 
detected in the left-side area, and from the right and then continues to the left in case 
that the least amount of flying particles and the lowest level of noise are detected in the 
right-side area, 

This is a method in which the blasting vibration, noise and flying particles can be 
effectively controlled by reducing the height (1 1 ) of the steps or dividing the target base 
rock into smaller steps based on the permitted amounts of charge per slot and charge 
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per delay, in the case that the boring and loading method of this Invention described 
above is applied to the low-vibration blasting. 



Effect of the Invention 

As described above, this invention is concerned with a method for boring and blasting 
the base rock in an inclined or two-step-face position using explosives, and involves 
dividing the target surface into multiple steps, in which the hole length of the first step is 
determined by choosing a size appropriate to the minimum burden, the hole length of 
the second step is twice that of the first step, and the hole length of trie third step is 
thrice that of the first step. Since the method involves the boring and blasting of 
multiple overlapping steps simultaneously at the same location, it eliminates the need to 
dispose of the refuse after the blasting of each step as is required when the steps are 
blasted individually, and since it allows achieving quarry production in large quantities, it 
not only enhances work productivity but also is an economical blasting method. 
In addition, the method allows dividing the target base rock into multiple steps and 
blasting the target base rock using the amount of charge per delay that meets the 
standards concerning the effect of the blasting pollution elements such as the blasting 
vibration, noise and flying particles, enabling the effect of low-vibration blasting and the 
containment of the elements of blasting pollution generated during the boring and 
blasting of the target base rock. 

Furthermore, since the lower-portion drilling holes become the slot holes serving as a 
free face during the blasting of the upper portion, the method allows reduced charge 
amount and affords a controlled blasting effect by line drilling, which prevents damage 
to the blasting boundaries. 

In addition, it prevents overhanging and backbreaking and generates relatively smaller 
amount of large chunks or rocks, and thus reduces the amount of work involved in post- 
blasting breaking by: dividing a step into multiple steps; drilling holes of different 
lengths according to their location; loading the charges into double-bored slots in such a 
manner that the blasting occurs sequentially. 
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(57) Claims 
Claim 1 

A Multi-Step Split Double Bench Boring and Blasting method for boring and blasting the 
base rock in an inclined or two-step-face position using explosives, consisting of the 
steps of: determining the amount of charge per slot and the amount of charge per delay 
that meet the standards concerning the effect of blasting pollution elements such as 
blasting vibration, noise and flying particles; determining the minimum burden distance, 
the hole spacing and the hole lengths for the first step based on the charge amounts 
determined in the previous step, which is followed by dividing the height of the step to 
be blasted at a time by the height of the first step, which is determined in a previous 
step, into the second and the third steps, which Is followed by positioning drilling holes 
whose length is equal to the first-step hole length on each of the minimum burdens, 
which is determined in the previous step, with the hole spacing of the first step, while in 
the case of the Two-Step Split Double Bench Blasting method illustrated in Drawing 1 , 
positioning drilling holes with the hole length equal to the second-step (8) hole length 
{1 3) at the % points of the first-step hole spacing, and in the case of the Three-Step 
Split Double Bench Basting method illustrated in Drawing 2, positioning drilling holes 
with the hole length equal to the second-step (8) hole length (13) at the 1/3 points of the 
first step space and placing drilling holes with the hole length equal to the third-step (9) 
hole length (14) at the 2/3 points. 
Claim 2 

A method for loading charges into the holes drilled according to the drilling method 
described in Claim 1 , in which the target surface Is divided Into multiple segments for 
loading to allow all steps to have the same blasting effect by loading 10 - 30% less 
charge into the holes in the upper portion compared with the ones In the lower portion. 

Claim 3 

A blasting method in which a step, which is drilled according to the drilling method 
described in Claim 1 and loaded according to the loading method described in Claim 2, 
is blasted in a sequential manner starting from the upper front row and continuing 
through the multiple steps. 



Claim 4 
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A Multi-Step Split Double Bench Low-Vibration Blasting method in which the drilling 
method of Claim 1 , the loading method of Claim 2 and the detonating method of Claim 
3 are applied to performing a low vibrating blasting that meets the standards concerning 
blasting pollution. 



